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(57) vA FIFO memory system 10 forhaT^iing Uansmiss!on:queues;in:a serial digital communication system comprises a 
plurality of blocks of memory^Oa-c, 21 a-e, blocks 20a-c,being assigned a plurality of FIFO memories, and blocks 21 a-e 
forming a pool of unassigned blocks of memory. A memory management means (LLT, PT) controls the addition of the 
unassigned blocks of memory from the pool to a FIFO memory on writing to the FIFO memory whereby the size of the FIFO 
memory is selectably variable, and the return of a block of memory from a FIFO memory to the pool once the contents of 

the block of memory have been read. .in this way a FIFO.has additional, memory only when it needs it by dynamically 

applying small blocks of memory to the FIFO on request and, thus, overflowing and underpinning can be avoided whilst 
minimising the size of the FIFOs. 
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FIFO Memory System " 
Background of the Invention 

5 This invention relates to a FIFO memory system and more 

particularly to a FIFO memory system for use in_a serial digital 
communication system. 

With digital communication systems having two or more 
processes running concurrently, transmission queues are used in order 

10 that the processes can efficiently transmit data to a communication line 
through a serial channel in the system. A common method of 
managing the transmission queues through the serial channel is to map 
each queue into one of a plurality of First-in-First-Out (FIFO) 
memories. The FIFOs are written to or filled by the system and 

15 emptied or read from by the communication process or vice versa. 

A problem with this method is implementing a plurality of FIFOs 
in a limited area. The preferred solution is to utilise RAM based FIFO- 
memories since they appear to require the least area. 

The filling rate of the FIFO (i.e. the rate at which data is written 

20 to the FIFO) should normally be greater than the emptying rate of the 
FIFO (i.e. the rate at which data is read from the FIFO) onto the 
communication line. Typically, the FIFO issues Data Requests to the 
- s ystem any time a danger of underrun exists-.-underrun means carrying 
out a read operation from the FIFO when it is empty. 

25 The latency of the system bus carrying the data to be written 

must be considered in order to determine the minimum size of each 
FIFO. The latency of the bus is defined as the maximum period of time 
required by the system to supply the first data to the FIFO after a Data 
Request has been generated. For limited size memory FIFOs, the 

30 maximum latency required is a critical parameter of the system 
configuration. 

If Ls is the system latency having units of time. Ft is the rate at 
which the FIFO is emptied by the communication process and WM is 
the minimum FIFO size below which Data Requests are generated and 
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assuming the FIFO is fuii when the first data is read by the 



communication process then. 



WM-Ls X Ft 



(1) 



5 



With a.FIFO having a size WM. once the FIFO is fiiled to its full size, the 
data requests will stop. However. Data Requests will be asserted again 
once the first data read is generated by the communication process in 
order to avoid an underrun state. Data Requests will therefore be 

10 issued all the time. 

In order to avoid this situation, a FIFO having a size WM + Delta 
must be implemented. When a Data Request is sensed by the system, 
the system will fill the FIFO to its maximum size (WM + Delta). 
However, the Data Request will be asserted again only after the FIFO is 

15 emptied below the WM level. 

A queuing system may comprise n different FIFOs for n different 
queues so that the total memory size MS must be greater than: 

MS = (WM1 + Delta 1) + (WM2 + Delta2) + + (WMn + Deltan) (2) 



Assuming the FIFOs are n similar FIFOs and Delta = WM. equation 
.2. becomes — „.„.—..., — ,._,.„..,,.,„__.., — „ 

MS = 2XnXWM 
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Therefore. 




(3) 



30 From equation (1 ). 




(4) 



And, 



Where Ls is the maximum latency acceptable to the memory system. 

Thus, in order to account for the latency of the system bus and to 
avoid continuous Data Request being generated, the above solution 
requires additional FIFO memory: that is. WM ♦ Delta for each FIFO. 
The serial communication process can access only one FIFO at a time 
and this one FIFO should fill up to the size WM + Delta. Since the other 
FIFOs, also occupy WM + Delta of memory when they only require WM 
of memory, with the above solution there is (n-1) X Delta of unused 
bytes of memory. Thus, large areas of memory are required but only a 
portion of the memory will be used at any one time. 

Summary of the Invention 

In accordance with the present invention there is provided a 
FIFO memory system comprising a plurality of FIFO memories for 
handling transmission queues in a serial digital communication system, 
the memory system comprising: 

a plurality of blocks of memory, each of the plurality of FIFO 

-memories being- assigned- a block-of.the..plu.cality.,Qf„b locks of memory.. 

the unassigned blocks of memory forming a block pool; and 

memory management means for adding at least one of the 
unassigned blocks of memory from the block pool to a FIFO memory on 
writing to the FIFO memory whereby the size of the FIFO memory is 
selectably variable, and for returning a block of memory from a FIFO 
memory to the block pool once the contents of the block of memory 
have been read. 

Thus, in the FIFO memory system in accordance with the present 
invention, a FIFO has additional memory only when it needs it by 
dynamically applying smaM blocks of memory to the FIFOs on request. 

The present invention therefore provides means by which the 
size of each of the plurality of FIFOs can be dynamically varied on 



- 4 - 

writing to the FIFO. An advantage of this arrangement is that the 
latency of the bus system is accounted for and the continual issuance of 
data requests is avoided but the memory area available is efficiently 
utilised: only the FIFO which is transmitting utilises WM + Delta of 
5 memory. 

Brief Description of the Drawings 

A FIFO memory system in accordance with the present invention 
10 will now be described by way of example only with reference to the 
accompanying drawings in which: 

Figure 1 shows part of a FIFO memory system in accordance with 
the present invention; 

Figure 2 shows part of the FIFO memory system in accordance 
15 with the present invention during a write operation; and 

Figure 3 shows part of the FIFO memory system in accordance 
with the present invention during a read operation. 



20 



Detailed Description 



Referring firstly to Figure 1, a FIFO memory system (only part 10 
- . of- which is shown in Figure. L) in .accordance -with. the., present invention 
comprises a plurality of FIFOs for handling the transmission queues in 
a digital communications system (not shown). The FIFO memory 
25 system 10 comprises a plurality of small blocks of memory, only eight 
1-8 of which are shown in Figure 1. 

Initially, each one of the plurality of FIFOs is assigned a small 
block of memory: for example FIFO A of Figure 1 is assigned block 2' 
and FIFO B is assigned block 1. In a FIFO memory system having n 
30 FIFOs, a predetermined number of the small blocks determined by n 
will be assigned to the plurality of FIFOs. The remaining blocks form a 
'block pool' of memory from which all the plurality of FIFOs can 
'borrow* when the FIFO requires additional memory. 

As described in the introduction in order to avoid the continuous 
35 issuance of Data Requests during a read operation, the FIFO should 
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have a size of WM + Delta. The present invention allows a FIFO to 
borrow the additional memory (Delta) from the 'block pool" during a - 
write operation. For example, assuming in this case Delta is equal to 
WM. during a write operation a FIFO will increase its size to 2 X WM by 
5 taking additional blocks from the block pool'. A FIFO that has been 
written to but is in a queue occupies memory having a size WM. 

Blocks. are returned to the 'block pool' when the block has been 
emptied during a read operation. The 'block pool' thus provides means 
by which the size of each of the plurality of FIFOs can be dynamically 
10 varied. 

Preferably, each FIFO is implemented as a linked list of blocks in 
which each block in the list points to the next block of the FIFO. A Link 
List Table (LLT) contains the same number of entries as the number of 
blocks in the memory and each entry stores the address of the next 
15 linked block in memory. Table 1 represents the link list table for the 
eight blocks 1-8 shown in Figure 1. The lines on Figure 1 also ^ 
represent which blocks are linked. 



Block Next linked block 
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3 
4 



1 

2 

4 5 

5 8 

6 7 

7 x 

8 . * 

Table 1 



For-each one of the plurality of FIFOs, a Read Pointer (RP) and a 
Write Pointer (WP) are defined. The location of the Read Pointer and 
25 Write Pointer are stored in a pointer table PT (not shown). The pointer 
table (PT) is updated depending on the contents of the link list table. 



Each time a block of memory is written to or read from, the 
corresponding entry in the link list table is read so as to determine the 
-address of the next linked block. The Read Pointer RP or Write Pointer 
y7P is then re-defined according to the address of the next linked- 
5 rblock? 

cRead and write operations for one of the plurality of FIFOs in 
accordance with the present invention will now be described with 
reference to Figures 2 and 3. 

A FIFO 20 is initially assigned a block 2 0a of memory. T^he Read 
10 and: Write Pointers for FIFO 20-are defined according to the address of 
block 20a. 

During a write operation, the FIFO block 20a is written to first 
and once this block has been filled the Write Pointer WP is updated so 
that it points to the next linked block whose address is stored in the 
1 5 entry for block 20a in the link list table. In the example shown in 
Figure 2, the next block is block 20b. Blocks 20b and 20c' are written 
to in an identical manner. Memory blocks 21a-e form part of the block 
pool. 

Once block 20c has been filled, FIFO 20 borrows a block from the 
20 block pool according to the entry for 20c in the link list table whereby 
the Write Pointer WP points to block 2 1 a of the block pool. 

Preferably, the block pool is also ^implemented as a linked list of 
blocks having a stack structure as shown in Figure 2. Thus, any block 
returned to the pool will be the first block available to a FIFO requiring 
25 it during a write operation. NBA (Next Block Available) indicates the 
top of the stack. 

If FIFO 20 requires additional blocks, data will be written to 
blocks 21b-e in an order which depends on the link list table entries 
for these blocks. 

30 Each one of the plurality of FIFOs uses a predetermined number 

of the small blocks of memory so as to occupy an area of memory 
having a size WM which is defined by the user. As discussed above the 
WM size determines the minimum level below which Data Requests are 
issued and depends on the latency of the system. 
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Referring now also to f Figure~3 (like components to those of Figure 
2 are referred to by the same reference numeral plus a hundred). '-• 
during a read operation data. is read from the blocks according; to | [> 
where the Read Pointer is pointing. Data is thus read from block 20a 
5 and once this block has been emptied .the Read Pointer RP is updated \c,$d 
so that it points to the next block of the FIFO according to the entry for 
block 20a in. the link list table. In the example shown in Figure 3 the 
next block is block 20b. Data is then read from block 20b. Once block 
20a has been emptied, the block becomes part of the block pool and is 

10 placed at the top ofjhejit ack as in dicate d_by_NB A. rThe entry in the ^ ^ 
•link list table Jfor-block . 20a is then updated.so that its next linked block v 
is the next available block in the pool: that is block 2 lb. Thus, block 
20a will be the first block from the block pool to be written to during a 
following write operation. 

15 The invention recognises that the communication process can 

only read one FIFO at a specific time and so only one FIFO at any time 
requires additional memory of size Delta in order to avoid underrun. ,, 
Thus, for n FIFOs, the total memory size MS is given by 

■v, ■ 

20 MS = (WM1 + WM2 * WM3 ..... WMn) + Delta (6) 

Assuming the FIFOs are n similar FIFOs and Delta - WM. equation 

6 b eco me s '" ~ " 

25 MS = nWM + WM = WM (n + 1 ) (7) 



Substituting WM from equation 7 into equation 1 and 
rearranging gives 

MS (3) 

30 Ls = (n + 1) X Ft 



Where Ls is the maximum latency acceptable to the. memory 
system. 



t 
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Thus, it is clear from comparing equations S and 5. for n > 1, that 
the maximum latency supported by the FIFO memory system in 
accordance with the present invention is bigger than the maximum 
latency supported by the conventional solution described in the 
5 introduction. From a different point of view, if the latencies of the 
systems Ls are the same, the total memory size required by the 
memory system in accordance with the present invention is reduced. 
Thus, the memory system in accordance with the present invention 
more efficiently utilises the memory available. 
10 It will be appreciated that the present invention provides a FIFO 

memory system which optimises the latency of the bus system. 
Furthermore, the memory system in accordance with the invention can 
be relatively easily adapted to system buses having different latencies. 
The plurality of FIFOs, the link list table and the pointer table are 
15 preferably all implemented in RAM. 

Accessing a FIFO (i.e. a write or read operation) requires only one 
read from the link list table (LLT) and one write to the LLT. The same 
applies for the pointer table (PT). The LLT and PT are preferably 
implemented using dual ported RAMs whereby one read and one write 
20 can be done during the same memory cycle. This means that the 

preferred FIFO memory system is capable of updating the tables LLT. 
...... ~and-PT during- the same cycle, in which a.EIFOas. accessed, Thus, 

managing the FIFOs does not require any wait states and the memory 
system can be accessed each cycle. 
25 A preferred embodiment of the present invention has been 

implemented in a FDD I (Fibre Distributed Data Interface) system 
interface. In this implementation, a memory array comprising 256 
blocks of memory supported 30 FIFOs. 
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Claims 

1. A FIFO memory system comprising a plurality of FIFO memories 
for handling transmission queues in a serial digital communication 

5 system, the memory system comprising: j 
a plurality of blocks of memory, each of the plurality of FIFO 
memories being assigned a block of the plurality of blocks of memory, , 
the unassigned blocks of memory forming a block pool; and 

memory management means for adding at least one of the 
10 unassigned blocks of memory from the block pool to a FIFO memory on 
writing to the FIFO memory whereby the size of the FIFO memory is 
selectably variable, and for returning a block of memory from a FIFO 
memory to the block pool once the contents of the block of memory 
have been read. 

15 

2. A FIFO memory system according to claim 1 wherein a FIFO 
memory occupies a predetermined number of blocks of memory after 
data is written to the FIFO memory, and wherein the memory 
management means on reading of the FIFO memory adds at least one 

20 of the unassigned blocks of memory from the block pool to the 
predetermined number of blocks of memory. 

"37 A FIFO memory system according~to-claim-l- or -2 -comprising m 

linked blocks of memory and wherein the memory management means 
25 comprises a table having m entries, each of the m entries being 
associated with a respective one of the m blocks of memory and 
holding the address of the next block of memory to be linked to the 
respective one of the m blocks of memory. 

30 4. A FIFO memory system according to any preceding claim wherein 
the system is implemented in RAM. 

5. A FIFO me*mory system substantially as hereinbefore described > 
with reference to the accompanying drawings. 

35 
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